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polypropylene m o„om M e„t » Uture *„„ te . method of ■ 
making the same. 

. Sutvrc, my 6e dlvlded lnto tKQ gener>i 

abSOrtable SUtUr ° e * l « in t h e „u M n >o<y ' 

cha„ 6e or arc re m „v 8j fro „ t „. m „ ^ ^ ^ 

tissues have healed. tv««. «„i 

■ ^ Polypropylene sutures of the 

present invention are r>r 

ion are of the second type; i.e., they arc 

nonabsorbable m the human body. 

The strongest polypropylene monofilaments can 

senerally be made from realns of high molecular w eiGnt 
-d hl g h crystalling. ^ e proce8filng eondltlo „ 
vlth the resin physical properties determine the fl ral ' 
filament properties, and it ls Known that to obtain the ' 
tenacity that la Quired of a eurglcal ^ ^ 

truded polypropylene monofilament m Us t be etretched to 
align the polymer molecules. 
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Some of the advantages of oriented Aootat l e 
polypropylene as a eutura material are described in 
United States Patent No, 3,359.983. - Ioot>a b l e ^ polypropylene 
monofilament is so highly inert that minimal tissue reaction 
occurs in the suture area. . 

It has long been recognized that the drawing or 
stretching of polypropylene monofilament that io required 
to impart the necessary tenacity for suture use reduces 
the flexibility of the resulting product and results in. 
poor handling qualities. While the handling charac teriotice 
of the auture are difficult to define, a suture should not 
be wiry or atiff and should remain in the position In which 
it ie placed until moved by the surgeon. 

Generally speaking, a stiff suture that haa poor 
handling characteristic a is Inelastic and will break upon 
stretching. The polypropylene sutures of the prior art 
were characterized by an ultimate elongation (the percent 
increase in the length of the monofilament when stretched 
at room temperature to the breaking point) of lees than 
25 percent. By contrast, the flexible polypropylene mono- 
filaments of the present invention are characterized by an 
ultimate elongation of 35 to efewfe 63 percent. 

It is another disadvantage of the polypropylene 
monofilaments previously known that they exhibit memory and 
will tend to retain the shape of the package. Stated in 
another way, a monofilament that is packaged as a coil will 
to a large extent retain the coil form after remova] from 
the package. This makes it difficult for the surgeon to 
handle and tie down the monofilament particularly in tha 
large sizes, i.e., size 2/0 and above. 

o . 4 4 1. 5 6 1 
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These problems, have been reeolved by the present 
invention which enables one to manufacture a polypropylene 
monofilament suture of satisfactory tenacity and knot 
strength while retaining the percent elongation and flexi- 
bility that is demanded by the surgeon. 

11 ha °^ bee " ^covered that the flexibility 
of an extruded, polypropylene auture can be greatly 

improved with- little sacrifice In tensile length by 
stretching under controlled conditions to about 6.6 times 
the original extruded length and then relaxing or shrinking 
the monofilament to between 91 percent and 76 percent of 
the stretched length. 

The extruded polypropylene monofilament may be 
drawn at conventional temperature*, i.e., between ***** 2 6o«F. 
and 325-F. At about 330'F.. the monofilament is approaching 
the molten stage, and breakage can be a problem. The 
tenacity of the monofilament is somewhat higher if the • 
drawing i s effected at the low temperature fin the neighbor- 
hood of 26o°F.). Thus 'a product, the tensile strength of 
which ie suitable for suture use (tenacity 3-3 to(&4 grams 

per denier,) may be obtained with a draw ratio of about 
6.6:1 at 260-P..325:p. The preferred drawing temperature ' 
for practicing the present Invention ia 300 °'F. 

The relaxing or shrinking of the monofilament la 

also carried out at an elevated temperature, which may be 

within the range of the drawing temperature, I.e., 26o°P'. 

to. 325°P. Again, it is preferred to shrink the monofilament 

at a temperature of 300 °F. 
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Monof llaments that nave not contracted to 91 
percent of the stretched length have an ultimate elongation 
of about 25%, a Young 1 a Modulus greater than about 6 X 10^ 
and are lacking In flexibility as determined on the Gurley 
tester- Filaments that have contracted more than 76 percent 
of the stretched length have an excellent hand but may be 
deficient in tensile strength. The preferred amount of 
shrinkage that results in a polypropylene suture of good 
hand and tenaile strength is about 82-85 percent* 

As indicated above, a stiff or wiry suture is 
difficult for the surgeon to handle and tie down. A 
flexible euture by contrast has a n dead n quality and may t 
be characterized by the surgeon as "throwable. n Portunately, 
the hand of the monofilament suture can be related to 
certain physical characteristics that will enable one to 
predict its acceptability to the surgeon independent of 
such subjective parameters as throwablllty, deadness, 
flexibility, or hand. One instrument that has been 
specifically designed to measure the stiffness or flexi* 
bility of textile materials Is the Gurley tester. The 
Gurley stiffness of a monofilament suture as measured by 
this instrument is a measure of the desirability of a 
suture from the standpoint of its handling characteristics- 

Other physical characteristics of polypropylene 
monofilaments that may be directly related to the ease of 
handling by the surgeon are Young's Modulus, which is a 
measurement of flexibility, plastic flow, which is a measure 
of fcXtendability, yield streas data and the percent elonga- 
tion at the breaking point. These properties are an indi- 
cation of the acceptability of a polypropylene mono- 
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ie method of determlnj 



fllar.ent to the surgeon, The method of determining 

these characteristics and their correlation with 

pliability are described below, 

According to the invention therefore there la 

provided an iaotactic polypropylene monofilament 

sterile suture, said ieotactic polypropylene having 

the following characteristics: 

height Average Molecular Weight -294,000 to 

316,000 

Number Average Molecular Weight -78,400 to 

82,100 

Tensile Strength -3.9 to 8.9 graaa/denier 

Knot Strength -3,3 to 7-9 graoa/denier 

Break Elongation -36^ to 62^ 

loung'e Modulus -3-13 x 10? p.s.i. to 

5.23 x 10* p.a.i. 

The diameter of the suture la preferably in the 
range of from 0**002 inches to 0.02 inches. 

According to the invention there ie al90 provided 

a needled eurgical euture comprising an iaotactic 

polypropylene suture attached to a eurgical needle, 

aaid needle and said suture being sterile, said isotac- 

tic polypropylene having the following characteristics: 

height Average Molecular Weight - 294,000- to 

316,000 

Xumber Average Molecular Weight - 78,400 to 

82,100 

Tensile Strength - 3*9 to 8.9 grams/denier 

Xnot Strength - 3.3 to 7-9 grame/denier 

Break Elongation - 36j£ to 62$ 

Young's Modulus - 3-1*3 x lol p.a.i, to 

5.23 x 10 5 p.s.i. 

The diameter of the euture is preferably in the 

range of fron 0.002 inches to 0.02 inches* 

4 4 1. 5 6 1 
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According to the invention there is furthor 

provided a aurgical auture package comprising 

a aterile enclosure and theroin a aterile needled 

surgical auture comprising an leotactic polypropylene 

auture attached to the surgical needle, aaid leotactic 

polypropylene having the following charaoterietice: 

Weight Avorage Molecular Keight - 294,000 to 

316,000 

Number Average Molecular Weight - 78,400 to 

• 82,100 

Tensile Strength _ 3 . 9 t0 8<9 glW 

denier 

Knot Strength ~ ■*> * n n a -~ . 

. - 5. 5 *o 7.9 grams/ 

denier 

Break Elongation „ to 

loung-a Modulus _ 3 . 13 x JQ 5 ± 

5.23 x 10 5 p.a.l. 
The diameter of the auture ia preferably in the 
range of from 0.002 lnohea to 0.02 inches. 

Ihe invention finally lncludea a method of 
Improving the flexibility and hand of an axtruded 
leotactic polypropylene monofilament which coaprleea 
the atepa of stretching aaid monofilament at a tem- 
perature in th< range of 260°?. to 325°?. to 6.6 timea 
lta original length; and subsequently heating aaid 
monofilament at a temperature in the range of 285°- 
300°?. and permitting the atretohed monofilament to 
contract to between 91* end 76* of ita stretched 
length. 
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The Invention will appear more clearly from the 
following detailed description when taken in connection 
with the following drawings which show by way of example 
a preferred embodiment of the Inventive idea, 

Figures la and lb illustrate apparatus for 
extruding and drawing polypropylene monofilament in accor- 
dance with the invention. 

Figure 2 is a perspective view of two godets that 
draw and orient the polypropylene monofilament. 

Figure 3 13 a perspective view of the godete ahown 
in Figure 2 and "illustrates the simultaneous drawing 
of four polypropylene monofilaments. 

Figure k is a perspective view of a creel- 
Figure 5 is an enlarged view partially in section 
of the lower left leg of the creel as viewed from the right 
in Figure 4, showing the creel in an extended position. 

Figure 6 ie a sectional view of the leg of the 
creel illustrated in Figure 5, shoving the creel in a 
modified position* 

Figure 7 la a flectional view of the leg of the 
creel illuctrated in Figure 5, showing the creel in a. 
retracted position. 

Figure 8 is a eectional view of the leg of the 
creel on the line 8-8 of Figure 5. 

Figure 9 ia a perspective view of a Gurley 
stiffness tester. 
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10 1. *U$U@«„ of a Jlg dQ6lBnad 
to be used with the Curley tester, and 

Figure 11 u a Bec tional view on tho Line ii-n 
of Figure 10. 

Figure 12 la a reproduction of a etrees-etrain 
curve, obtained by applying atreaa at a constant rate to a 
polypropylene atrand that has been produced In accordance 
with the present Invention. 

^ P refer r«d method for preparing the flexible 
poiypropylene sutures of the present invention utiles as 
the raw material pellet, or polypropylene having 
a weight average aolecular weight of from about{ |g^ 
to about 316,000 and a number average Secular weight of 
fro, about 78,400 to about Ba.ioo. i*. computed ratio of 
la 3.84. Polypropylene of thia grade is available 
in both powder and pellet form. Pellet,, the maximum 
diaaeter of which do not exceed one-quarter inch, may be 
used in the process to be described. 

Referring now to the apparatus illustrated in 
Figures la and lb and to the physical steps involved In 
extruding, orienting, and relating the polypropylene mono- 
filament, the extruder 10 that Is used to for* the 
polypropylene monofilament has a cylindrical barrel 11 
supported in a horizontal p i ane and terminating at one end 
at an adaptor section 12. which leads to an extrusion die 14. 
A longitudinal screw 16 is mounted for rotation within the 
barrel 11 and is driven by tho sprocket Ge *r 18 poUW 
at the end of the extruder that ia remote from the <llc 
through the chain 1 9 and a variable speed motor not shown. 

g 441561 



Polypropylene pellets flow 'by ? r $fJiy from the hopper Pi 
Into the cylindrical barrel of the extruder and arv movud 
by the screw 16 in the direction of the die. The tempera- 
ture of the extnjdor is controlled by three electrical 
heating units 22, 23, and 24, which surround the barrel 11 
and the die 14. A cooling jacket 25 surrounds that end of 
the extruder barrel that is most remote from the die and 
removes heat from that end of the screw 16 that lies be- 
neath the hopper. 

The die Ik is constructed with a long land length 
and may have one or more orifices. Preferably, the die 
orifice hae an entrance angTe of 20°. With this entrance 
angle, streamlined flow la obtained insuring uniform 
extrudate* 

Polypropylene pellets, the maximum dimension of 
which is lees than one-quarter inch, are placed in the 
hopper 21 and flow by gravity into the barrel 12 of the 
extruder which is at that point maintained at room tempera- 
ture or below by water flowing through the cooling Jacket 
25- The screw 16 conveys the polypropylene pellets through 
the feeding zone 22 into the metering zone 23 of the extruder 
wherein the polypropylene pellets are compressed and metered. 
The melted polypropylene then passes through the die lU f 
the temperature of which is controlled by a heating Jacket 
2k, and into a quenching bath 27, which may be a water bath. 
In normal operation, the feeding 2one 22 ia maintained at 
about 430 e F., the metering zone 23 between 4oo°F. and 450°F,, 
the die 14 between 4O0°F. and 45Q*F., and the quenching 
bath at about 75°F. to 85*F, 
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«truded loliaifl£4 os lt 

-.v.. downward!,, lnt0 qu<nch bath _ ^ no „ ofUa „ ent 

p.»s« around the Idler 30. over the roller 3 2, and la 
-repped around the 6 odet. 33 .nd 3* to prevent t„e 3 llp p l„ e 
th.t might othervle. occur „ . re.ult of .tretchlr* the 
«onom«.nt to orient the M lncra .„ u , 

strength. 

The monofilament from the godat 33 la stretched 
and oriented by passing it through the heating chamber 
36 and around the godeta 3 8 and 39 which rotate at a 
higher peripheral velocity than the godeta 33 and 3 ft, 
thereby fetching the monofilament from 6 to 7 ti* es its 
original length and orienting the monofilament. The 
Banner of wrapping the polypropylene aonofUaincnt 
the godets 3 8 and 39 la shown In Fierce 2 and 3. Figure 3 
illustrates the arrangement of four «cnef ii^ta extruded 
simultaneously through a die having four orifices. The 
temperature of the monofilament as it passe* through the 
chamber 3 6 is maintained at about 26cfFto 3 25 *F. 

The stretched and oriented monofilament from the 
godet 38 passes over the guides 40 and the reciprocating 
guide 41 and is collected on apool kz. The spools of 
polypropylene monofilament may be stored for further 
proceeaing*. 

In the aecond stag* processing of polypropylene, 
the monofilament la permitted to shrink. This atep „ Q y D0 
carried out by a discontinuous process whereby a fixed " 
length_of polypropylene monofilament 1* heated to about 

/30?'F. and permitted to shrink to between^ percent and 

J^fS percent of its original length. 

441.5 61 
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The discontinuous finishing process 1:; 1 .1 3 u:-. f ruled 
In Figures U through 8. The polypropylene monorilumcnt \ls 
transferred from spool h2 to a creel ^3 by rotatln/j Lhc 
creel on its axel kk, power being suppJ Lwl by Lhc motor 
U6 through the pulleys ^ and 48 and the belt 'i*J. The creel 
^3 may be conveniently constructed of channel iron with 
two-leg sections 50 and 52 that are welded at one end to a 
crossbar 53- The opposite ends of these leg sections clid- 
ably receive channel sections 5^ and 55/ which are welded 
to a crossbar 57, The position of the crossbar 57 is 
fixed with respect to the opposite crossbar 53 by the stay 
bolts 58 fl nd 59 which pass through the channel section ^ 
and the leg section 50- Similar bolts 58 r and 59' pass 
through the channel section 55 and the leg section 52. The 
long dimension of the creel measures 50-1/2 inches when ox- 
tended as shown In Figure U. 

After a layer of polypropylene monofilament has 
been wound onto the creel 43, a retention strip 56 is fas- 
tened to the crossbar 53 of the creel by bolts 51, 
thereby compressing the polypropylene monofilaments between 
the retention strip and the end of the creel- A second reten- 
tion atrip 56' is bolted to the opposite crossbar 57 of the 
creel thereby preventing the polypropylene from shifting 
during the- heat-shrinking step. When the retention stripe 
are in position, the creel lfl supported on its axel k>\ with 
the movable crossbar 57 of the creel in its lower-most posi- 
tion, and the stay bolts 58, 59, 58' and 59 1 are removed from 
each leg of the creel. The channel sections 5^ and 55 are 
then telescoped into the legs 50 and 52 a distance corres- 
ponding to the desired amount of shrinkage and the stay 
bolts replaced, Ihe creel is then placed in an oven main- 
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Uined at 3 00'F. and retail S:\^r p m to , 

? r.p./n. t0 insure unl- 
To™ heaUng. « tMl tc ^ erMurei the polypropyl<n> 

U wrapped on th „ erocl ihn ^ causing c ^ nnei 
»c»c„3 5, .„ d 55 of th0 crMl ^ toiejcopo ^ 
..ctlon, W an, 52 „ lBdle . w by ^ g< ^ ^ ^ 
~ r,o„ t h , oven sfter 10 „ lnutM and io pomii[e<( ^ 

to room temperature. ^ pMUlo „ of a> w ^ ^ 
after the heat-ahrinKing atap „ ^ ^ ^ ? 

AS '"""'^ ,b ""' th ° «. ..tended pc , ltlon ' 

figure 5) has . len6th or 50 . 1/2 lnches _ ^ ^ 

reduced to « lncnes (Mpjr , 7) after ^ ^ 

50-1/2 inch length or polypropylene amount* to 8-1/S inehe. 
(fro. 50-1/2 inch., , to 4 2 lnch ,„ ln lncremontB ^ ^ 
-.rim** or the monomaMnt fM> ^ percont ^ ^ fi 

Straight polypropylene monofilament. 42 lnch8s ln 
length are «„ovec fron tho crM , by ^ 

•t th. oppoeit. enda 53 and 57 of the creel. Keedlec may 
* "aged to on* end of the monofilament* eo 
U.. heat-relied »onofn«u»ant. with or .ithoul needle, 
attached thereto are cooled, packaged, , nd storing for '' 
use as surgical sutures. 

Ihe present invention will be further illustrated ' 
by the following exiles wh lc h describe the .anufacture of 
polypropylene sutures (si 2e 2 through 7/0) and the physical 
properties thereof. In all of the following examples ^ ' 

Polypropylene is used having awelght average molecu- 
lar weight of between «W 294,000 and 3 l6,OO 0 and a 
number average moiecular ^ t Qf 
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-~Wct* 132,100. To this renin is added 0.5 j.r cm,i h V wnl/'ht of 
copper phthalocynnine dye, which lmpnrto i- dnrk bluo color 
to. the recln and tha monofllamen tn extruded therefrom. 

Heat .TtnMliron) and othor procor.^Jnr, compounds 
knpvm- in the art may be added to improve the rcsintunco to 
oxidation during the extrusion and processing steps. Com- 
pounds commonly used for this purpose are tertiary butyl - 

ere sol (IOWOL) together with dllauryl thlo-propionate in 
amounts of about 0.25# each. 

The tensile strength and percent elongation at 
break reported in Examples I through XIH are determined by 
A.S,T.M« method D-2256-66T using a constanc rate of exten- 
sion tester, namely a table model INSTRON" universal testing 
instrument manufactured by the Instron Corporation of Canton, 
Massachusetts . This test method is described in the 1966 
Boole of A.S.T.M- Standards, part 2k (published in August of 
I966 by the American Society for Testing Material, 1916 Race 
Street, Philadelphia, Pennsylvania)- The 20 seconds to 
break is approximated by using a one-inch sample (or gauge 
length) with the IN5TRDN Tester cross-head speed set at one 
inch par minute./ ('x+Jsr***' 'A ^ hy+XAU, "T^^u AJ^u^) 4 

The knot strength is determined by the tect method 
described in the U.S. Pharmacopeia, Vol. XVII, page 921, 

Young's Modulus is determined on a Table Model 

INSTRON instrument using line contact jaw faces to minimize 

slippage. A 10.0 inch sample is elongated at the rate of 
5.0 inchefl per minute (cross-head speed), the chart speed 
16 20.0 inches per minute^ It has been noted that the 

pliability of a polypropylene suture may be correlated with 
its behavior under stress. Physical tests that may be 
used to reliably evaluate the cubjectlvo characteristics of 

"hand/ 1 flexibility, and extensibility are describe."! in 
Example I. 

The Curley stiffness is measure) with a motor- 
operated Curley Stiffnes^ Torr.cr (Model 'H71) manufactured- 
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by tf. and L.E. Gurlcy of Troy, Now York. This Instrument, 
Illustrated in Figure 9, consists of a balanced pendulum 
or pointer 60, which is center pivoted and which can be 
variously weighted below its center with a removable weight 
6l, The pointer movos parallel to a "sine" scale 62 grad- 
uated In both directions. In the test, ten, 2-inch poly- 
propylene monofilament strands , a total of at least 20 
inches, are required per sample. The strands used should 
be relatively straight. 

The ten, 2-inch strands 63 are Inserted in the 
Jig Illustrated In Figures 10 and 11. The jig ie construc- 
ted with 10 parallel holes drilled on 1/8- inch centers. 
The polypropylene strands are Inserted ao that at least 
1 inch of each atrand protrudes beyond the bending bar 6k, 
and a locking pin 65 la inserted to clajnp the monofilaments 
in .the Jig. 

A razor blade is used to shave closely the strand 
tips which extend from the back of the Jig, and all ten 
strands are cut 1 inch from the edge of the bending bar 6^ 
on the opposite side of the clamp. 

The Jig is placed on the motor-driven arm 68 of 
the Gurley instrument eo that the clamp-bending bar lies 
1/2 inch above the edge 70 of the swinging pendulum* When 
the motor-driven arm 68 presses the monofilaments 63 against 
the edge 70 of the pendulum, the pointer is deflected until 
the sample scrapes past the pendulum and may be rend on 
the scale 62, The resistance of the pendulum and thus the 
nensitivlty of the machine to materials of different stiff- 
ness can be adjusted in two ways: by changing the distance 
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2 weight 61 ar 



from the fulcrum 67 of the weight 61 and by changinK tho 
weight itself. 

The machine Is operated for one or two cycles to 
adjust the weight-distance combination if nececsary. Tills 
adjustment should be made so that the average reading Kill 
fall between 2.0 and 7,0 Gurley units- (A cycle is defined 
as a left plus a right awing of the pointer 60. A Gurloy 
unit la the unit reading marked on the sine scale.) After 
the necessary adjustments are made, the to chine is operated 
for ten cycles without recording the results. After each 
half cycle, the oscillation of the pendulum la stopped 
before continuing. The readings of cycles 11 through 15 
are recorded and averaged. The stiffness of the polypro- 
pylene monofilament sample may then be calculated by use 
of the following formula: 

Gurley stiffness, (mg.) - 0,0002 RWD, where 

R - test reading In Gurley units 

W - counterweight (gm.) 

D - distance of counterweight from 
rulcrum (inches) 

The present invention will be further illustrated 
by the following examples which describe the manufacture 
of polypropylene sutures of different flizes, all of which 
have a Young's Modulus below £ X 10 5 p.o.i. and an elonga- 
tion at break of at least 35#. 

EXAMPLE" I 

All Viscoelastic measurements reported in the 
tables are made on a Table Model INSTRON Tensile Tester 
using a Type C Tension Cell; full-scale range 1 to 50 
pounds. The measurements are made in an air-conditioned 
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laboratory at 7 2'F, and 50* relative humidity. To hold the 
specimen suture Gtrand, two line contact jaws ore used. 
The diameter of tho strand in measured to 0.0001 Inches 
and the area of the strand ia calculated, A 10 inch 
sample la placed between the jaws and both jaws closed, 
under 20 p,s.l. air pressure. The area compensator on the 
INSTRON Tester is flfit for the correct diameter of the suture 
(to give a read-out in p. a. 1. ) and the strand is elongated 
at a constant rate to 112, 5* of the original length (pre- 
set on the INSTRON). The INSTRON machine is operated ot a 
cross-head speed of 5 inches per minute and a chart speed 
of 20 inches per minute. 

Stress-strain curves produced under these condi- 
tions have the general shape illustrated in Figure 12. 
Young's Modulus (p.s.i.X 1q5) u the initial modulus as 
determined from the slope of the curve A of Figure 12. 
Young's Modulus is the ratio of applied stress to strain in 
the elastic region and measures the elastic component of a 
suture 1 * resistance to stress. This value is related to the 
flexibility of a suture. 

Plastic flow (p.s.i, X 105) is the vlscoelastic 
modulus as determined from the slope of the curve B of 
Figure 12- It measures the plastic component of a suture's 
resistance to stress and ia related to the "give" a Buture 
exhibits under a force in excess of the yield stVese. 

The yield stress (p,a,l. X 10 J| ) is the first point 
of inflection in the stress-strain curve or the point of 
intersection C of the slopes A and D of Figure 12, Yield 
Stream measures the force required to initiate vLocoolnctic 
flow and is related to the straightenabllity of y :;uture. 
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Typical pliability data aa 'determined from. the 
Gtrcss-strain curves of the polypropylene sutures of the 
present Invention is summarized in Table 1. The date ia 
obtained after aging the cample for one month. 

TABLE I 
Pliability Values 



512e young's Modulus 

2 3.23 X lo5 

1 3.13 X io 5 

0 3.5^ x io5 

2/0 U ,05 X io5 

3/0 /i,H7 x io5 

V0 4.13 X 105 

5/0 3.12X 105 

7/0 U.ftg x io5 



EXAMPLE II 

A size 7/0 polypropylene suture, diameter 2,6 mils. 
is prepared by the general procedure described above* The 
die orifice measures 20 mils. In diameter, and the flow rate 
of the polypropylene through the die orifice ia 0.06 pounds 
per hour. The temperature of the feed 2ono is maintained 
at 430'F., and the temperature of the die and extruder 
barrel is maintained at *+50*F. The ratio of the rate of 
takeup of the godet 33 to the linear rate or extrusion (draw 
ratio) i3 5,9. The water bath is maintained at 75-8'i 0 F. 

The heating chamber is seven feet in length and 
13 maintained at 285°F., ftfl measured with a pyrometer. The 
polypropylene monofilament enters the chamber at the linear 
rate of 50 feet per minute and ia taken up on the godet 38 
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tear rate of 33CT feet per mil 



at tho linear rate of 33CT feet per minute (stretched 
6.6 times its original length). The polypropylene mono- 
filament after hot stretching is collected on the take-up 
spool h2 and transferred to the creel 43 illustrated in 
Figures 4-8. The tension strips are applied to either end 
cf the creel and the distance between the crossbars 53 and 
57 la adjusted by the stay bolts 58, 59, 58' and 59 1 to 
permit the desired amount of shrinkage. The creel is then 
heated in an oven at 285'F, and rotated at 10 r,p,m, for 
10 minutes; during which time the monofilament shrlnko to 
5-1/2 times its original length (from 50-1/2 to 42 inches 
or B3-53S). 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.6 times its original length) 
is removed from the talce-up spool 42, placed on the creel, 
and heated in an oven at 300°F. for 10 minutes with no 
relaxation, Thelength of the monofilament is 52-1/2 
inches prior to and after the ten minute heat treatment 
at 30G*F. The following table shows the differences in 
the physical properties of polypropylene monofilament that 
has been (1) hot stretched 6-6 X while maintaining the 
temperature at 285 °F,; (2) hot stretched 6.6 X its original 
length while maintaining the temperature at 285 °F. and then 
annealing for ten minutes at 300*F. without relaxation; and 
(3) hot stretched 6.6 X ita original length while maintain- 
ing the temperature at 285"F, and then annealing for ton 
minutes at 300°F. while relaxing to 5«5 X its original 
length {83, 5# of its hot stretched length). The data ia 
obtained after aging the samples for one month. 
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TABLE II 



(1) Polypropylene 
ot retched 
6.6:1 



Lot Number 
Diameter, mils 
Denier 

Tensile Strength 
Grams/Denier 
P.S.I. X io" 3 

Knot Strength 
Grama/Denier 
P-S.I. X 10" 3 

Break Elongation 

Gurley Stiffness 



115325 
2.U 

■ 2k 

9.8 
11.26 

7-7 
8,83 
27# 
1 



<ng. 



Young' 3 Modulus psl 9.50 X 10' 



(2) Polypropylene 
Stretched 6.6:1 
and Annealed at 
300 e F. for 
10 minutea 



115325 
2.3 

'22 ■ 

8.5 
12.15 

8.8 

9.28 
37* 
1 mg. 
8.03 X 10 5 



(3) Polypropylene 
Stretched 6.6:1 
and Relaxed to 
83. 5£ of Stretched 
Length 



115325 
2.6 

28 

8-9 
10.16 

7-9 
9.03 

1 mg. 
4.1*9 X 10 5 



EXAMPLE III 

A size 5/0 polypropylene suture, diameter '1.9 mile, 
ia prepared by the general procedure described above. The 
die orifice measures -20 Mis in diameter, and the flow rate 
of the polypropylene through the die orifice is O.09 
pounds per hour. The temperature of the feed zone ic main- 
tained at ^30'F., and the. temperature of the die and ex- 
truder barrel le maintained at ^50°F. The ratio of the rate 
of tokeup of the godet 33 to the linear rate of extrusion 
fdraw ratio) Is 2.32. The water bath is maintained at 75- 
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The heating chamber is seven fec-t in lenp.tti nnd 
Is maintained at 285°F. as measured with a pyrometer, Tho 
polypropylene monofilament enters the chamber at the linear 
reto of 30 feet per minute and ic taken up on the f^odet 38 
at the linear rate of 198 feet per minute (ctrctched 6.6 
times its original length). The polypropylene monofilament 
After hot stretching Is collected on the take-up spool *I2 
and transferred to the creel ^3 illustrated in Figures 4-8, 
The tension strips are applied to either end of the creel 
and the distance between the crossbars 53 and 57 Is adjusted 
by the stay bolts 58, 59, 58' and 59' to permit the desired 
amount of shrinkage. The creel is then heated in an oven 
at 285'F. and rotated at 10 r.p.m. for 10 minutes; during 
which time the monofilament GhrinXs to 5-1/2 times its 
original length (from 50-1/2 to k2 inches or 83. 5 percent). 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.6 tines ito original 
length) is removed from the take-up spool U2, placed on the 
creel, and heated in an oven at 300'F. for 10 minutes with 
no relaxation. The length of the monofilament is 52-1/2 
inches prior to and after the 10-mlnute heat treatment at 
300 'P. The physical properties of the product so obtained 
are summarized in the following table. The data is ob- 
. teined after aging the samples for one month. 
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TABLE HI 

(1) Folypropylene (2) Polypropylene (3 ) Polypropylene 

Stretched Stretched 6.6:1 Stretched 6.6:1 

^•6:1 and Annealed at and Rolaxed Lo 

300 °F.. for 83.^'of Stretched 
10 minutes Length 



Lot Number 107925 107925 107925 

Diameter , mils 4-9 5.0 5,2 

Denier 98 102 no 

Tensile Strength 1 

Gram3/Denier 6.5 6,7 5,7 

P.S.I. X 10" 3 7.42 7.63 6-59 

Knot Strength 

Grams/Denier 5,8 5.4 5,14 

P.s,i. x io~ 3 6-62 6.21 6.21 

Break Elongation 2J$ * 30£ 38^ 

Gurley Stiffness 4,1 mg. ^ 3,4 mg« 3*4 mg. 

Young's Modulus p5 i 7 .-15 X 10 5 6,49 X 10 5 3\k2 X 10^ 

EXAMPLE IV 

A size Vo polypropylene suture, diameter 6.9 mile, 

is prepared by the general procedure described above. The 

die orifice measures 34 mils Ln diameter/ and the flow rate 

of the polypropylene through the die orifice is 0,24 pounds 

per hour. The temperature of the feed zone is maintained 

at 430°F., and the teroperaturo of the die and extruder 

barrel l£ maintained at U30T, Hie ratio of the rate of 

takcup of the godet 33 to the linear rate of extrusion 

(draw ratio) is 3.62. The water bath is maintained at 

75-84 *F« The data is obtained after aging the camples for 
one month* 



22 



4415 61 



1 6.926/70 

The heating chamber is seven feet in length and is 
maintained at 295°F. as measured with a pyrometer. The 
polypropylene monofilament enters the chamber at the linear 
rate of 4o feet per minute and is taken up on the ^odet 38 
at the linear rate of 264 feet per minute (stretched 6.6 
times its original length). Hie polypropylene monofilament 
after hot stretching is collected on the take-up spool 42 
and transferred to the creel 43 illustrated in Figures *u8. 
The tension strips are applied to either end of tho creel- 
and the distance between the crossbars 53 and 57 ic adjus- 
ted by the stay bolts 58, 59, 58' and 59* to permit the 
desired amount of shrinkage. The creel is then heated in 
an oven at 300 B F. and rotated at 10 r-p-m. for 10 minutes; 
during which time the monofilament shrinks to 5-1/2 times 
ite original length (from 50-1/2 to 42 inches or 83<5#). 

In a control experiment, polypropylene from the 
Game extrusion batch (stretched 6,6 times its original 
length) is removed from the take-up spool 42, placed on 
the creel, and heated In an oven at 300 e F. and rotated at 
10 r.p.m. for 10 minutes with no relaxation. The length of 
the monofilament is 52-1/2 inches prior to and after the 
10-nvinute heat treatment at 300°F, The difference in the 
physical properties of polypropylene monofilament that has 
been drawn, annealed without relaxation and heat relaxed 
to 83.5 percent of its original length is summarized in the 
following table. The data is obtained after aging the 
sample for one month. 
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TABL 



(1) Polypropylene 

Stretched 
6.6:1 



(2)Polypropylene (3) Polypropylene 
Stretched 6.6:1 Stretched. 6.6:1 
™2.* nneale<1 at an( J Relaxed to 

10 MfAJ 0 ' 83 " 5 * of wretched 

10 Minute b Length 



194 

5-7 
7.75 



Lot Number 107930 
Diameter, nils 6.9 
Denier 

Tensile Strength 
Graas/Denier 
P.S.I. X 10" 3 

Knot Strength 

Grams/Denier h.k 
P.S.I. X 10" 3 5.06 

Break Elongation 21% 

Curley Stiffness 15. 5 mg. 

Young's Modulus p3i 8.90 X 10^ 



107930 
6.8 
189 

6.7 

7.70 

4.7 
5.37 

28* 
11.4 mg. 

7.26 X 10 5 



107930 
7.4 
223 

5-9 
6.74 

4.5 
5-10 
36* 



12.4 Dig. 

4.13 X lo5 



EXAMPLE V 

A size 3/0 polypropylene suture, diameter 8.6 mils, 
la prepared by the general procedure described above. The 
die orifice measures 34 mila In diameter, and the flow rate 
of the polypropylene through the die orifice is 0.24 pounds 
per hour. The temperature of the feed zone is maintained 
at 430 •p., and the temperature of the die and extruder 
barrel is maintained at 430°F. The ratio of the rnto of 
takeup of the godet 33 to the linear rate of extrusion 
(draw ratio) la 2.26. The water bath io maintained at 
75-84°F. 
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The heating chamber 'lo seven foci in length ond 
is mnlnlalned at 26o n F. as measured with a pyrometer. The 
polypropylene monof ilament enters the chamber at tho 
linear rate of 25 feet per minute end io taken up on the 
godet 38 at the linear rate or 165 feet per minute (stretched 
6.6 tlmeo its original length). The polypropylene mono- 
filament after hot stretching i3 collected on the take-up 
spool 42 and transferred to the creel 43 illustrated in 
Figures 4-8. The tension strips are applied to either end 
of the creel and the distance between the crossbars 53 and 
57 is adjusted by the stay bolto 58, 59. 58' and 59' to 
permit the desired amount of shrinkage. The creel is then 
heated in an oven at 300°F, and rotated at 10 r.p.m* 
for 10 minutes; during which time the monof ilament shrinks 
to 5-1/2 times its original length (from 50-1/2 to 42 
inches or 83-5 percent). 

In a control experiment, polypropylene from the- 
earne extrusion batch (stretched 6.6 times its original 
length)is removed from tho take-up spool 42, placed on 
the creel, and heated in an oven at 300° F. and rotated at 
10 r.p-m. for 10 minutes with no relaxation. The length of 
the monofilament is 52-1/2 inches prior to and after the 
10-minute heat treatment at 300°F- The difference in the 
physical properties of polypropylene monofilament that has 
been drawn, annealed without relaxation and heat relaxed to 
83*5 percent of its original length is summarized in the 
following table- The data is obtained after aging the 
samples for one month. 
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(1 ) Polypropylene 
ot retched 
6/6:1 



Lot Number 1079^6 

Diameter, mils 8.6 

Denier 302 

Tensile Strength 

Gram6/Denier 5.9 

P.S.I. X 10-3 6,71 

Knot Strength 

Grams/Denier 
-3 



(2)Tolypropylenc 
Stretched 6.6:1 
and Annealed at 
300°F. for 
10 Minutes 



1079^6 
8.4 
288 



P.S.I, X 10 
Break Elongation 
Gurley Stiffness 



4.1 
4.64 

25* 
29,0 mg, 



Young's Moduluepsl 8.21 X 10^ 



6,3 

7.21 

4.4 
5.08 

25.0nig. 
6.84x lo5 



(3)Polypropy3 cne 
•It retched 6.6:1 
and Kelaxcd to 
83«5# of Stretchsd 
Length 



I07946 

9.1 

338 

6.14 

4.3 
4,98 
41 > 
22.0 mg. 
4.47X 10 5 



EXAMPLE VI 



A size 2/0 polypropylene suture, diameter 11.1 mile., 
is prepared by the general procedure described above. The 
die orifice measures 54 mils in diameter, and the flow rate 
of the polypropylene through the die orifice is 0.60 poundo 
per hour. The temperature of the feed 2one ic maintained at 
^30°F 9J and the temperature of the die ami extruder barrel 
ic maintained at ^30°F. The ratio "of the rate of tnkeup 
of the godet 33 tc the linear rate of extrusion (draw ratio) 
is 3.33. The water bath is maintained et 75-84 n F. 



2 6 , 4 4 1. 5 6 1 



The hoatlnj; chamber T\j :;<?Vj( l'y«L In lin/MJi .-hhI 
U maintained at 230 n l\ ao mcaaured with u pyrometer. 
The polypropylene monofilament enters the chamber at the 
linear rate of 38 feet per minute and is taken up on the 
godet 38 at the linear rate of 250 feet per minute 
(stretched 6,6 time3 its original length). The polypropy- 
lene monofilament after hot stretching is collected on the 
take-up spool ^2 and transferred to the creel *+3 illustrated 
in Figures 4-8. The tension strips are applied to either end 
of the creel and the distance between the crossbars 53 and 
57 is adjusted by .the stay bolts 58, 59, 58 1 and 59' to 
permit the desired amount of shrinkage. The creel i3 then 
heated in an oven at 300°?. and rotated at 10 r.p.m. for 
10 minutes; during vhich time the monofilament shrink* to 
5-1/2 times its original length (from 50-1/2 to U2 inches 
or 83-5 percent) . 

In a control experiment t polypropylene from the 
same extrusion batch (stretched 6.6 times its original 
length) is removed from the take-trp 3pool k2, placed on the 
creel, and heated in an oven at 300°F. and rotated at 10 - 
r.p.m. for 10 minutes with no relaxation. The length of the 
monofilament is 52-1/2 inches prior to and after the 10- 
minute heat treatment at 300 r F- The difference in the 
physical properties of polypropylene monofilament that has 
been drawn annealed without relaxation and heat relaxed to 
83.5 percent of its original length is .lummariziad in the 
following table. The data in obtained after a^lng the 
cample3 for one month. 
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TABLE rt 



(l)Polypropy>ne 
Stretched 
6,6:1 



(2)Polypropylene 
Stretched 6.6:1 
and Annealed at 
300 °F. for 
10 Mlnutec 



(3)Polypropylene 
Stretched 6,6:1 
and Relaxed to 

83. 

Length 



yf> of Stretched 



Lot Number 115358 H5358 115350 

Diameter, mils 11.1. 11.3 12.4 

Denier 503 521 627 

Tensile Strength 

Grams/Denier 5-.** 5>7 4.8 

.P.S.I. X 10~ 3 6.19 6.48 5.46 

Knot Strength 

Grama/Denier 3.9 3.9 3-5 

P.S.I. X 10" 3 4.44 4.48 ^.05 



25 * 34 * 38 * 



Break Elongation 

Gurley Stiff nesa 68.0 mg. 55-0 mg. 6l.O mg. 

Young's Modulus P3i 6.48 X 105 6-95 X lo5 4.05 X lo5 

EXAKPLE VII 

A size 0 polypropylene suture, diameter 13-8 mila., 
is prepared by the gaioral procedure described above. The 
die orifice measures 54 mils in diameter, and the flow rate 
of the polypropylene through the die orifice is 0*59 pounds 
per hour. The temperature of the feed zone is maintained 
at 430°F., and the temperature of the die and extruder 
barrel Is maintained at 430°F. The ratio of the rate of 
takcup of the ^odet 33 to the linear rate of . e^trunion 
(draw ratio) is 2.22. The water bath in maintained ot 
75-84*F. 



The heating chaml feet in length and 

is maintained at 2^0°F. as measured with a pyrometer. The 
polypropylene monofilament enters the chamber at the linear 
rate of 25 feet per minute and is taken up on the r'.odet 38 
at the linear rate of 165 feet per minute (ctrotchnd 6.6 
times itr, original length). The polypropylene monofilament 
after hot stretching is collected on the take-up cpool h2 
and transferred to the creel *0 illustrated in Figures '4-8. 
The tension strips are applied to either end of the creel and 
the distance between the crossbars 53 and 57 Is adjusted by 
the stay bolts 58, 59, 58' and 59' to permit the desired 
amount of shrinkage. The creel is then heated in an oven 
af 300°P. and rotated, at 10 r.p.m. for 10 minutes; during 
which time the monofilament shrinte to 5-1/2 times its 
original length (from 50-1/2 to 42 inches or 83. 5*).. 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.6 tijaes its original length) 
is removed from the take-up apool 42, placed on the creel, 
and heated in an oven at 300°F. and rotated at 10 r.p.m. 
for 10 minutes with no relaxation. The length of the 
monofilament is 52-1/2 inches prior to and after the 10- 
roinute heat . treatment at 300°F. The difference in the 
physical properties of polypropylene monofilament that 
has been drawn arjnealed without relaxation and heat relaxed 
to 83.5. percent of its original length is summarized in t.he 
following table. The data is obtained after agirtfi the 
sampler- for one month. 
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TABLE VII 



(1) Polypropylene 
Stretched 
6.6:1 



(2) Polypropylene (3) Polypropylene 
Stretched 6.6:1 Stretched 6.6:1 



and Annealed at 

300* F. for 

10 Minutes 



and ftalaxed to 
1)3. 55* of Stretched 
Lgngth . 



Lot Number 

Diameter, mils 

Denier 
Ten9lle Strength 

Grains /Denier 

p.s.i. * 10-3 

Knot Strength 
Grams/Denier 



1079^7. 
13-8 
773 

5-1 

5-68 



3-8 
4.41 
27* 



P.S.I. x io- 3 
Break Elongation 
Gurley Stiffness 159-0 mg. 
Young's Modulus pel 6.33 X 10 5 

EXAMPLE VIII 



1079^7 
14. 0 

79Q 

5-3 
6.04 

3-9 
4.4l 

36 * 
134.0 mg. 
5-73 X 10 5 



1079^7 
14.0 
894 

4.7 
5.40 

3-4 
3-95 

53 * 
124. Omg. 

3.5^ X 10 5 



A size 1 polypropylene suture, diameter l6.1 mils., 
1B prepared by the general procedure described above. The 
die orifice measures 5* tails in diameter, and the flow rate 
of the polypropylene through the die orifice is 0.80 pounds 
per hour. The temperature of the feed zone is maintained 
at 430'F. , and the temperature of the die and extruder 
barrel is maintained at4 3 0'F. The ratio of the rate of 
tafceup of the godet 33 to the linear rate of oxtrur.lon 
(draw ratio) is 1.61. The water bath U: malnUlnM at 
75-B4°P. 
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The heating chMber "IS TjtfWn feet in length and 
is maintained at ?55°F. as meanured with a pyrometer. The 
polypropylene monofilament enters the chamber at the linear 
rate of 23 feet per minute and is taken up on the goclet 38 
at the linear rate of 152 feet per minute (stretched 6.6 
times its original length). The polypropylene monofilament 
after hot stretching is collected on the take-up spool kz 
and transferred to the creel ^3 illustrated lr. Fibres ft -8. 
The tension stripe are applied to either end of the creel and 
the distance between the crossbars 53 and 57 is adjusted by 
the stay bolts 58, 59, 58 • and 59' to permit the desired 
amount of shrinkage. The creel is then heated in an oven 
at 3O0°F. and rotated at 10 r.p.m. for 10 minutes; during 
which time the monofilament shrinks to 5-1/2 times- its 
original length (from 50-1/2 to h2 inches or 83-5 percent). 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6,6 times its original 
length) is removed from the take-up spool k2, placed on the 
creel, and heated in an oven at 300°F. and rotated at 
10 r,p.m. for 10 minutes with no relaxation. The length of 
the monofilament is 52-1/2 inches prior to and after the 
10-minute heat treatment at 300°F« The difference in the 
physical properties of polypropylene monofilament that has 
been drawn annealed without relaxation and heat relaxed to 
83*5 percent of its original length is summarized In the 
following table. The data is obtained sifter aging the 
samples for one month. 
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(1 polypropylene (?) Polypropylene (3) Polypropylene 
otrolr.-ed 6.6:1 Stretched 6.6:1 Stretched 6?6:1 



and Annealed at and Relaxed to 

3 ?rj; f ? r 83 '^ of Stretched 

10 Minutes Length 



Lot Number 1079*12 1079^42 1079^2 

Diameter, mils 16.1 ig.ij ^.B.l 

^nier 1,056 1,097 1,339 

Tensile Strength 

Grams/Denier 5.2 5,2 

P.s.i. x 10 3 5,99 5i86 5<01 

Knot Strength 

Grama/Denier 3.8 3,7 3.4 

P.s.i. X 10-3 4o? ^ a 3 68 

Break Elongation 3l# ko% 51^ 

Gurley Stiffness 262,0 mg. 2*10. 0 mg. 232. 0 mg. . 

Young's Modulus psl 6.25 X 10 5 5.72 X 10 5 3.13 X* 10^ 

EXAMPLE IX 

A size 2 polypropylene suture, diameter lg.U mil 
is prepared by the general procedure described above. The 
die orifice measures 64 mils in diameter, and the flow 
rate of the polypropylene through the die orifice is 1,1 
pounds per hour. The temperature of the feed zone is 
maintained at 430*F,, and the temperature of the die and 
extruder barrel is maintained nt ^30°F. The ratio of the 
rate of takeup of the godet 33 to the linear rate of 
extrusion (draw ratio) is 1-70. The water bath ir, main- 
tained at 75-8VF. 
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Vho heating chamBcr' io seven feet m length 
and la maintained at 230° K. as measured with a pyrometer. 
The polypopylcne monofilament enters the charter at the 
linear rate of 26 reset per minute and lc taken up on the 
godet 38 at the linear rate of 168 feet per minute (stretched 
6.6 times its original length). The polypropylene mono- 
filament After hot stretching lr> collected on the take-up 
spool k2 and transferred to the creel ^3 illustrated in 
Figures 4-8. The tension strips are applied to either end 
of the creel and the distance between the crossbars 53 and 
57 is adjusted by the stay bolts 58, 59, 58' and 59' to 
permit the desired amount of shrinkage. The creel is 
heated in an oven at "300 *F. and rotated at 10 r.p-nu for 
10 minutes; during which time the monofilament shrinks to 
5-1/2 times its original length (from 50-1/2 to h2 
inches or 83,5 percent). 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.6 times its original 
length) ie removed from the take-up spool 42, placed on 
the creel, and heated in an oven at 300*F, and rotated at 
10 r.p.m. for 10 minutes with no relaxation. The length of 
the monofilament la 52-1/2 inches prior to and after the 
10-mlnute heat treatment at 300 6 F. The difference in the 
physical properties of polypropylene monofilament that has 
been drawn, annealed without relaxation and heat relaxed 
to 83,5 percent of its original length is summarl'zed in the 
following table. The data is obtained after agine the 
samples for one month. 
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jy2 6po 



(1 ) Polypropylene 
ot r-.-tched 
u.6:l . 



(2) Polypropylene (3) Polypropylene 
Stretched 6.6:1 Stretched 6.6:1 
and Annealed at and Relaxed to 
300"F. for 83-5^ of Stretcht 

10 Minutes Length 



Lot number 115351 

Diameter, mils 19.4 

Denier 1,536 

Tensile Strength 

Grams/Denier 4.2 

P.S.I. X 10" 3 ^.80 

Knot Strength 

Crams/Denier 3.0 

P.S.I. X 10~ 3 ' 3.45 

Break Elongation 3A$ 

Gurley Stiffness 370.7 rag. 

Young's Modulus psi 5- u 7 X 10 5 



115351 
19-4 
1,536 

4.6 

5.24 

3-3 
■ 3.79 

37* • 
392.0 mg. 

4. 97 X 10 5 



115351 
20.5 
1,714 

3.9 
4.44 

3-3 
3.81 
62^ 
328.0 mg . 
3.22 X 10 5 



3* 
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EX'Ml'LK yl 6. 92 6/70 

A size 3/0 polypropylene suture, diameter g.lh 
mils., 15 prepared by the general procedure described in 
Example V. Instead of r, trotrhintf the polypropylene mono- 
filament 6.6 times, however, it Is .stretched 6.0 times its 
original length in a heating chamber maintained at 26o°F. 

The polypropylene monofilament after hot stretch- 
ing is collected on the take-up spool ^2 and transferred 
to the creel ^3 illustrated In Figures 4-8, The tencion 
strips are applied to either end of the creel and the 
distance between the crossbars ^3 and 57 Is adjusted by the 
stay bolts 58, 59, 58' and 59 1 l o permit the desired. amount 
of shrinkage. The creel is then heated In an oven 
at 300°F, and rotated at 10 r.p.m. for 10 minutes; during 
which time the monofilament shrinks to 5-1/2 times its 
original length (91.6<). 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.0 times its original 
length) is removed from the take-up spool 42, placed on the 
creel and heated in an oven at 300°F- and rotated at 10 r,p. 
for 10 minutes with no relaxation. The length of the 
monofilament is 52-1/2 inches prior to and after the 
10-minute heat treatment at 300 C F. 

The difference in the physical properties of 
polypropylene monofilament that has been drawn, annealed 
without relaxation and heat relaxed to 91-6 percent of its 
stretched length is summarized in the following toblc. The 
data lc obtained after aging the samples for one month. 
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TA fllE 

Polypropylene 
Stretched 
6.0:1 



jl ft" 92 6/70 



Lot Number 

Diameter, mils. 

Denier 
Tensile Strength 

Crams/Denier 

P-S.I. X 10" 3 
Knot Strength 
Crams/Denier 
P.S.I. X 10~ 3 
Break Elongation 
Gurley Stiffness 
Young's Modulus psi 



127&12-A1 
'9«1* 

5 Jih 
3.5 

31.3 mg. 
8-95 X 10 3 

EXAMPLE XI 



Polypropylene 
Stretched 
6,0:1 and 
Annealed nt 
30O°F, for 
10 mlnutpj 

12764 2- A2 

9-15 

3^2 



5-3 
6.06 

^. 66 
36* 
26.5 mg. 
7.76 X 10 5 



I'olypropylonc 
Stretched 
6.0:1 and 
Welaxed to 
91. 6* of . 
Stretched Length 

1276J12-A3 

9.61 

376 



h.8 
5.47 

^■53 
"37# 
28,0. mg. 
6-27 X lo5 



A size 3/0 polypropylene suture, diameter 8.&U 
mlla. f is prepared by the general procedure described above 
in Example V. instead of stretching the polypropylene mono- 
filament 6.6:1, however, it is stretched seven times ita 
original length in a heating chamber maintained at 260°F. 
The polypropylene monofilament after hot stretching is trane- 
ferred to the creel 4 3 illustrated in Flga. h-Q and 

permitted to shrink to 5-5 times its stretched length by 

heating for 10 minutes at 300'F. 

In a control experiment, polypropylene from the 

same extrusion batch (stretched 7.0 times its original 

length) is removed from the tako-up cpool U2, placed on the 



441.5 6 1 



In an ovon at nd rota "Led at 



creel and hcixted 
10 r.p.m. for 10 mlnutca with no relaxation. The length 
or the monofilament is 5?-l/2 Inches prior to and after 
the 10-minute heat treatment at 300°F. 

The difference in the physical properties of 
polypropylene monofilament that has been drawn, annealed 
without relaxation, and heat relaxed to 78. 55^ of Its 
stretched length Is summarized In the following table. 
The data is obtained after aging the samples for one month. 

TABLE XI 



Polypropylene 
Stretched 7.0:1 



Polypropylene Polypropylene 
Stretched 7-0:1 Stretched 7.0:1 
and Annealed at and Relaxed to 
300° F. for 10 min. 78. 6£ of 
■ Stretched Length 



Lot Number 

Diameter, mils, 

Denier 
Tensile Strength 

Grama/Deniar 

P.S.I, x 10" 
Knot Strength 



^3 



Grante/Denler 
P.S.I. X 10" 3 
Break Elongation 
Gurley Stiffness 
Young's Modulus pB i 



127&+2-C1 
8.54 
296 

6.0 

6.82 
3.9 

4.4i 

22.7 me. 

11.23 X 10 5 

EXAMPLE XII 



1276^2-C2 
8.45 
291 

5.3 
6.08 

4.1 
4.70 

22.5 n«. 
9-35 X io- 



1 27642- C3 
9.60 
376 

4.7 _ 
5.41 

3.8 

4.33 
41* 

21.2 mg. 

6.16 X 10 5 



A size 0 polypropylene suture, diameter 13. 9 mils., 
la prepared by the general procedure described above i n 
Example VII. The die orifice measures 5 1 * mils, in d lame tor . 
and the flow rate of the polypropylene through the die orifice 
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In 0.59 poundn per hour, Tho temperature of the feed zone is 
maintained at ^30°P,, and the temperature of the die and extruder 
barrel ia maintained at ^30°?. The ratio of the rate of take-up 
of the godet 33 to the linear race of extruaion (draw ratio) in 
2.22. The water bath ia maintained at 75°-8^°F B 

The heating chamber la seven feet in length and ia 
maintained at 2HQOF. aa measured with a pyrometer. The poly- 
propylene mono filament enters the chamber at the linear rate of 
25 feet per minute and ia taken up on the godet 38 at the linear 
rate of 165 feet per minute (stretched 6.6 timea its original 
length). The polypropylene monofilament after hot atretching ia 
collected on the take-up spool *J2 and transferred to the creel 
*3 illustrated in Figures J|-8. The tension strips are applied to 
either end of the creel and the distance between the crossbars 
53 and 57 is adjusted by the stay bolta 58, 59, 58' and 59' to 
permit the desired Amount of shrinkage. The creel ia then heated 
in ah oven at 3Q0°P- and rotated at 10 r-p.m« for 10 minutes; 
during which time the monofllrment shrinks to 6.0 times its 
stretched length. 

In a control experiment, polypropylene from the same 
extrusion batch (stretched 6,6 times its original length) is 
removed from the taXe-up spool ^2, placed on the creel, and 
heated in an oven at 300°F. and rotated at 10 r.p.m. for 10 
minutea with no relaxation. The length of the monofilament is 
52-1/2 inches prior to and after the 10-nlnute heat treatment at 
300°P. The difference in the physical properties of polypropylene 
monofilament that haa been drawn , annealed without relaxation and 
heat relaxed to 91 percent of its stretched length is summarized 
in the following table. The data obtained after aging the sample 
for one week is ae follows. 

00 441,561 



TABLE XI 

Polypropylene 
Stretched 6-6:2 
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no 



Polypropylene Polypropylene 
Stretched 6,6:1 stretched G.6:l 
and Annealed At nnd Relaxed to 
300° r\ tor 10 min. ^ijjC of 
r. t r o t c h c (1 Length 



Lot Number IIO805U 
Diameter, mllo, 13- 9 
Denier 788 

Tensile Strength 
Grams/Denier 
P.S.I, x io" 3 

Knot Strength 

Grams/Denier 
-3 

P.S,I, x 10 
Break Elongation 
Gurley Stiffness 
Young's Modulus psi 



5.1 
5.86 

18 
^■35 
2% 
148.0 mg, 
6.72 X 10 5 



1276*1 P-C2 

291 

5.3 
6.08 

U . 1 
4.70 

25.0 Ptg. • 

9.78 X 10 5 



110842B 
822 

5. Q3 

3-8 , 
'4.36 

128.0 mg 4 
5-23 X 10 5 



EXAMPLE XIII 



A size 0 polypropylene suture, diameter 13- 9. mils. y 
is prepared by the general procedure described in Example XII, 
except that after the polypropylene monofilament Is hot 
stretched to 6.6 times its original length, it is relaxed to 
5-0 times its original length- The difference in the 
physical properties of polypropylene monofilament that has 
been drawn, annealed without relaxation and heat relaxed to 
76 percent of the stretched length iz summarized in the 
folloning table, The data Ls obtained after agin# the 
cample for one week. 
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Polypropylene 
Stretched 6.6:1 



Polypropylene 
Stretched 6.6:1 
and Annealed at 



I'olypropylcnr* * 
stretched 6a ^ 



gLoWtfumbcr 

iDl'ametor, mils. 

■• . . ■ 

fDenler, ; 
^Tensile Strength 
|.Qramc/Deni cr 

!PjS;i,;X 10" J 
jlotiStrength 
iGramc/Denier 



^tsti. X 10" 3 



|Br e ak|El onga t ion 
tCtirley: Stif f ne s s 



fating «.fl Modulus psi 



110805D 

13-9 

7fl8 

5.1 

3.8 
^•35 

27 $ 
148.0 mg. 
6.72 X 1(T 



a n d , J< e lax c d.| t r/^|;v : 
300" F. for 10 mln. 'M'aW^p^Vr'.'' 
• . Stretched ; I^n>.tti i..;;!. 

8.45 




?91 

5-3 
6.08 



4.1 

4.70 

25-o mg. ^^g^^lft^ ;.; 



3il 



9-78 X 105yS^^^^Sft 
While both monofilament and braided ^Ji>ultiril'ameht^|^^& 

suturcG arc commonly used In the operating room, thehnbric^g^ 
H|filarnent structure Is preferred by many surgeons 

pylone monofilament sutures prepared as described; ab^^ 
ieasy to use and tic becaune of their flexibility 'MVi^SBS^^^^ 

mm^< ■ 

polypropylene sutures may be attached to surgical.;; nee die 81M» 

mm-- - v : '. -'^M^pnriHKK 

'steriliz-ed with ethylene oxide and packaged In'eterile 



^container*] for use in the operating room. 
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the claims defining the inventions are as follows:- 

1- An Atactic polypropylene conofilamcnt aterile 

suture, said isotactic polypropylene having tho 

following characteristics: 

Weight Average Molecular Weight - 294,000 to 316,000* 

Number Average Molecular * eight - 70 , 400 to 82,100 

Tensile Strength _ 3.9 to 6,9 grama/ 

denier 

Knot Strongth ^ 3.3 to 7.9 grama./ 

denier 

Break Elongation - 36* to 62% 

Young's Modulus .-3-13 * 10^ p-s.i. to 

5.23 x 1CP p.s.i. 

2. Ail iootactic polypropylene monofilament 
aterile suture ae claimed in claim 1, the auture 
having a diameter in the range of from 0,002 inches 
to 0.020 inches. 

3. A needled surgical euture comprising an 
isotactic polypropylene outure attached to a surgical 
needle, said needle cad aaid cuturc being nterile, aaid 
leotactic polypropylene having the following characxer- 
ietics: 

Weight Average Molecular '"eight - 294,000 to 316,000 

Number Average Molecular weight - 78,400 to 82,100 

Tensile Strength - 3-9 to 8.9 grama/ 

denior 

Knot Strength - 3.3 to 7.9 grans/ 

denier 

Break Elongation - 367$ to 62% 

Young's Modulus - 3.13 x 10;? p.a.i. to 

5.23 x 10 5 p.a.i. 

4« A needled surgical suture aa claimed in claim 3, 

tho outure having a director In the range of froc 0,002 

inches to 0.020 inches. 
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5. A surgical auturo package conprlolng a eterlle 
enclosure and therein a otcrilo -needled surgical 
outure coniprloing an iaotacUc polypropylene suture 
attached to the surgical needle, oaid inotactic poly- 
propylene having the following- characteristics: 
freight Average Kolccul&r Weight - 294,000 to 316,000 
Huitber Average Molecular height - 7C,400 to 82, 100 
.Tenolle Strength ~ 5-9 to Q.9 e™ c ;{ nler 

' Knot Strength ' - 3.5 to 7.9 S™^^ 

Break Elongation -3*tf t0 62 * 

rounK . s «odui„ - |.» j $ »• 

6. A surgical suture _ package as clainsd in claim 5t 
the flutuxe having a dieccter m the range of from O.OCZ 
Inches to 0.02 inches. 

7. A method of improving the flexibility and hand 
of an 'extruded isotactic polypropylene monofilament 
which conpriaeo the stepe of stretching eald monofila- 
ment at a temperature in the range of 260°?. to 325°?- 
to 6.6 times ite original length; and aubscquently 
heating aaid monofilament at a temperature in the range 
of 285°-30O°F, and permitting the otretcbed monofila- 
ment to contract to between 91* and 76* of its 
itretched length. 

Dated this 4th day of ^g^Jf^. 

By their Patent Attorney: 
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